Introduction
Smoking is one of the major lifestyle risk factors affecting health and has significant systemic side effects [1] [2] [3] . Smoking also affects the lower urinary tract in many ways, including triggering the risk of cancer [4] . Smoking may have a role in the pathogenesis of pelvic floor dysfunction and urinary incontinence [5] . Cigarette smoking is also associated with functional abnormalities of the urinary tract, resulting in overactive bladder symptoms (OAB) and urinary incontinence [6] [7] [8] . A large Norwegian cross-sectional population-based study reported an increased association of urinary incontinence in both former and current smokers [9] , while other studies have not shown any association with smoking and urinary incontinence [10] [11] [12] . However, the mechanism by which smoking affects the functioning of the lower urinary tract is still not very clear. Some case-control studies suggest an increased association of smoking with stress urinary incontinence [13] , while other studies suggest an increased association of smoking with detrusor overactivity (DO) [14] .
The aim of the study was to evaluate the urodynamic findings in female smokers with bothersome lower urinary tract symptoms (LUTS), to help develop an understanding of the potential impact of smoking habit on the lower urinary tract function.
Methodology
The study was done in a tertiary referral centre in the United Kingdom performing about 1,000 urodynamic studies a year. This retrospective study was done in all women (>18 years) undergoing urodynamic testing over a 20-year period from January 1991 to December 2009. Ethical approval was obtained prior to conducting this study. A detailed history including the demographic details, LUTS and cigarette smoking, was taken prior to urodynamic testing. All the details were entered on to a specific urodynamic database. The number of cigarettes smoked daily was also enquired. Only current cigarette smokers were included in the study group. Also, only data on frequency and nocturia episodes were available from the database. The referring clinician made the decision for urodynamic testing after conservative measure failed to benefit the LUTS. Women on antimuscarinic agents were advised to stop the medication for a week prior to the test. Women then underwent urodynamic testing in accordance with the methodological recommendations of the International Continence Society (ICS) [15] . All women underwent uroflowmetry, filling cystometry and pressure flow studies. Urine dipstick was routinely done to rule out urinary tract infection and women with infections were treated and rebooked. Urodynamic findings and diagnosis were defined based on the ICS recommendations [16] . Women who reported cigarette smoking were included in the study group and were compared to women who did not smoke.
Data from the urodynamic database were anonymized and cleaned for clarity, and then analysed using SPSS (IBM SPSS statistics for Windows version 21.0; IBM Corp., Armonk, N.Y., USA).
Student's t test, chi-square and a multivariate logistic regression analysis was done to analyse the results. Body mass index (BMI), parity, smoking, anti-depressant usage, OAB, history of stress urinary incontinence and the corresponding urodynamic findings were included in the multivariate logistic regression model to analyse the findings in smokers.
Results
Data from 11,678 women who underwent urodynamic assessment for various LUTS were included for analysis. Overall, 2,476 women reported smoking cigarettes with a prevalence rate of 21.2% (women undergoing urodynamics for LUTS). The demographic details are summarized in table 1 . The mean age of women smokers was significantly lesser when compared to the age of nonsmokers in our study (47 vs. 53.5, p < 0.001). A significant proportion of women also reported using anti-depressants in the smoking group (13.6 vs. 8.4%; OR 1.71, p < 0.001). The proportion of menopausal women in the study group was significantly less in the study group (50.5 vs. 62.8%; OR 0.6, p < 0.001). Previous hysterectomy (p = 0.128) and high BMI (p = 0.183) did not show any statistically significant differences between the 2 groups.
Significant LUTS and urodynamic findings are summarized in table 2 . Female smokers reported more OAB, which was statistically significant (OR 1.14, p = 0.006). There was a slightly higher mean daytime frequency in smokers (8.54 vs. 7.92, p < 0.001), but no nocturia episodes (p = 0.46). A highly significant proportion of women also reported secondary nocturnal enuresis (22.2 vs. 11.5%; OR 2.26, p < 0.001) and coital incontinence (CI; 13.2 vs. 9.7%; OR 1.44, p < 0.001). Women with smoking and LUTS were less likely to have normal urodynamic findings (OR 0.78, p < 0.001). DO (OR 1.42, p < 0.001) and detrusor overactivity incontinence (DOI; OR 1.42, p < 0.001) were the most significant urodynamic findings noted in the study group. There were no differences in the women reporting stress urinary incontinence in both the groups (p = 0.213). Significantly fewer women had demonstrable urodynamic stress incontinence (UDSI) in the smoking group (OR 0.86, p < 0.001). The number of cigarettes smoked was also analysed further and findings are summarized in table 3 . There was an increasing trend in the prevalence of the symptom SUI with increasing number of cigarettes and this was also noted urodynamically (UDSI). There was also an increasing trend noted with 481 secondary adult onset nocturnal enuresis (SNE) and in the higher number of cigarettes smoked. No other LUTS or urodynamic findings showed any significant trends in relation to the number of cigarettes smoked by women.
Discussion
The study reports a high prevalence of cigarette smoking in women undergoing urodynamic testing for various LUTS. Smoking is associated with a history of OAB, but not with stress urinary incontinence. Smoking is also associated with secondary (adult onset) nocturnal enuresis and CI. DO and DOI are the main urodynamic abnormalities associated with cigarette smoking. Smoking was not shown to be significantly associated with SUI or UDSI.
Over a fifth (22.1%) of patients undergoing urodynamic testing reported cigarette smoking, which indicates a high prevalence of smoking in women with LUTS, which is comparable to data from epidemiological studies. The prevalence of LUTS, specifically urinary incontinence based on epidemiological studies, ranged from 5 to 69% with most studies reporting prevalence rates of 25-45% [17] . The EPINCONT study (27,936 women) showed a 22% prevalence rate of women with urinary incontinence smoking 1-19 cigarettes daily; and 37% women smoking >20 cigarettes daily with urinary incontinence [18] . The high proportion of women who smoked cigarettes presenting for urodynamic testing indicates increasing bothersomeness of LUTS in women who smoke and seek healthcare advice.
The question of smoking and its association with urinary incontinence has been studied by many studies with conflicting conclusions. Some studies have not shown any association of smoking with urinary incontinence [10] [11] [12] . Some studies have shown a positive association of smoking with a dose-related response [6, 14, 18] . Most of these epidemiological studies have not differentiated between the types of urinary incontinence and have not used urodynamics to evaluate the mechanisms of urinary incontinence. Our study is an analysis of a large pooled database of women with LUTS and explores smoking in relation to the individual LUTS and the related urodynamic findings.
A majority of the female smokers in our study reported OAB, which is in agreement with some of the studies reported [6] [7] [8] . DO and DOI were the most significant findings on urodynamics associated with smoking (OR 1.42). This suggests DO and DOI as the major pathophysiological mechanisms potentially explaining not only the OAB symptoms, but also the mechanism for urinary incontinence in most female smokers. There is some evidence to suggest that cigarette smoking may result in DO (motor incontinence), thus resulting in urinary incontinence [14] . Nicotine, a nicotinic acetylcholine receptors agonist, may influence neurotransmitter release in both the central and peripheral nervous systems, resulting in abnormal detrusor contractile responses [19] . Anti-estrogenic effect and interference with collagen synthesis are possible mechanisms explaining an increased association of incontinence with smoking [13, 20] .
Interestingly, a significant proportion of smokers did not report stress urinary incontinence in our study, which is in contrast to some of the studies published previously [6, 14, 18] . However, there was an increasing trend noted with increasing prevalence of SUI and UDSI in women with a higher number of daily cigarettes, which possibly suggests a dose-related response to smoking, as suggested by some studies [6, 14, 18] . Most of the epidemiological studies do not distinguish between the types of incontinence, which makes comparison difficult. Smokers have associated respiratory conditions with cough, which could aggravate SUI; however, this does not explain the finding in our study. Urodynamically, there was a negative correlation of UDSI (OR 0.86) with smoking, which could potentially indicate that women with SUI might quit smoking early. If this were to be true, it may have implications on health-prevention strategies. It could also be due to the younger cohort of women in the study group, as the prevalence of smoking goes down with advancing age [21] . It might additionally mean that the effects of smoking could be reversible with cessation of smoking. It is difficult to explore these factors further, as data regarding previous smoking was not available from the database.
Women were significantly younger in the study group, which probably reflects a reducing trend of cigarette smoking with advancing age in both men and women in the United Kingdom [21] . Smoking was significantly associated with SNE in our study (OR 2.26). As discussed previously, the role of nicotine in the neuroregulation (both central and peripheral) of detrusor function may explain the DO and DOI, which may result in SNE in smoking women. Detrusor dysfunction has been noted in some studies as a mechanism of nocturnal enuresis in adults [22] . Cigarette smoking was significantly higher in women complaining of CI. Cigarette smoking has antiestrogenic effects and it also affects collagen synthesis [20] , which might explain a higher association with CI. It is, however, difficult to establish a causal role of smoking in SNE and CI based on this study, but it seems to be an associated risk factor. A significant proportion of women who smoked also reported use of anti-depressants (OR 1.71), which possibly indicates a higher incidence of depressive illnesses in smokers. This finding agrees with various studies that have suggested a strong association between smoking and depression [23, 24] . The presence of psychoactive chemicals in cigarette smoke affecting neurotransmitter systems involved in the biological mechanisms of depression has been suggested as a possible biological link between depression and smoking [25] . A recent review suggested anti-depressants like bupropion and nortriptyline, independent of the anti-depressant effect, had some role in helping smoking cessation [26] , which suggests other unknown mechanisms in the link between smoking and depression.
The size of our study, with nearly 2,500 patients reporting smoking from a database of 11,600 women, who all underwent urodynamic testing, is a major strength. Further details of the presenting LUTS were not available to correlate the most bothersome symptom. Duration of smoking was also not available, which could have added more value to the data analysis. Data on previous smoking were also not available, which would have helped understand the possible reversibility of the role of cigarette smoking in the pathogenesis of LUTS. There are general limitations with data entry, which is open to human error, but the large number of cases should hopefully negate that. The database was not specifically designed to evaluate smoking and its effects on LUTS, and the results presented are only an interpretation of the data available.
